A six-month project successfully tested real-time, end-to-end multimodel hydrometeorological forecasts for heavy precipitation and related flooding events in many different catchments in the Alps. 
• deals with the forecast of weather with international relevance (high-impact weather); • demonstrates a clear advance in forecasting capability; • provides clear evaluation protocols; and • is characterized by an expectation of success.
The first FDP was realized on the occasion of the Sydney Olympic Games in 2000 (Keenan et al. 2003) . The MAP Steering Committee mandated a working group to investigate the prospects for a MAP FDP and supported the group's proposal to focus on the precipitation-related aspects (so-called wet MAP). The project acronym D-PHASE carries the double meaning of Demonstration of Probabilistic Hydrological The present paper gives an overview of the goals of D-PHASE and presents the project's central facility, the "visualization platform." Examples of applications are given as well as a summary of user feedback and an overall summary and outlook.
OVERVIEW ON MAP D-PHASE.
Improvement of high-resolution numerical modeling was one of MAP's most successful achievements. For the first time in a project of comparable size, a highresolution (3-km grid size) mesoscale model was used in the mission planning process during the intensive observation period (IOP; Benoit et al. 2002 Benoit et al. , 2003 , and high-resolution numerical modeling was successfully used for different case studies in relation to orographic precipitation (Richard et al. 2007) or other processes (e.g., Weigel et al. 2006; Rotach and Zardi 2007) . MAP's hydrological community pioneered the operational coupling of deterministic atmospheric and hydrological models and investigated the performance of coupled systems .
Radar observation of precipitation in complex terrain is extremely challenging (requiring correction of clutter and shading due to topography). MAP has triggered a substantial improvement in the performance of operational radar products . Finally, MAP has also substantially advanced our understanding of the processes related to orographic precipitation (Rotunno and Houze 2007) .
At the outset of MAP (Binder and Schär 1996) , probabilistic modeling of atmospheric processes had neither explicitly been identified as a research topic, nor had follow-on hydrological ensemble modeling. Still, MAP has triggered a number of studies investigating the predictability of orographically influenced precipitation (Walser and Schär 2004; Walser et al. 2004a; Hohenegger et al. 2006; Hohenegger and Schär 2007) . Also, in the aftermath of MAP, a high-resolution ensemble prediction system [the Limited Area Ensemble Prediction System, based on the Consortium for Small Scale Modeling (COSMO) model] has been developed Marsigli et al. 2001; Walser et al. 2004b ) and used for first steps into hydrological ensemble prediction (Siccardi et al. 2005; Verbunt et al. 2007 ).
On the basis of these findings, and bearing in mind that orographic precipitation has often led to disastrous flooding events widespread over the Alps, it was decided to devote the MAP FDP to the demonstration of forecast capability with respect to heavy precipitation events in the Alps. The emphasis was put on high-resolution operational modeling, be it probabilistic or deterministic.
D-PHASE was set up as an end-to-end f lood warning system as it is sketched in Fig. 1 . "End to end" in this context means that the entire chain from the atmospheric forecast models to t he decision maker as the end user is part of the system. Some 5 days before a possible event, atmospheric ensemble prediction systems may issue a "prealert"-that is, indicating that a threshold might be exceeded in a certain region in the Alps. At this stage, thresholds are primarily applied to precipitation, although the first hydrological models start to determine forecasts for runoff at various stations. As time comes closer to the possible event, high-resolution deterministic atmospheric models with a lead time of 18-36 h start, and so do the corresponding hydrological models. At all levels of the visualization platform (VP; see the next section) colored warnings are displayed, from which users may see immediately whether their region is in danger. At the time of the forecasted event, users also have access to nowcasting facilities to judge the "present" situation and to come to the most beneficial decision.
Participating atmospheric models (Table 1) include many of the high-resolution (i.e., a few kilometers grid size) deterministic operational models that are presently being developed in Europe as well as their lower-resolution driving models. In addition, a collection of ensemble prediction systems at intermediate resolution is on the list; for example, a poor man's ensemble prediction system (EPS; Micro-PEPS) , like that of the short-range numerical weather prediction project (SRNWP; Denhard and Trepte 2006) that has been constructed from the participating highresolution models especially for D-PHASE (refer to http://dx.doi.org/10.1175/2009BAMS2776.2).
The collection of hydrological models (Table 2) includes both deterministic and ensemble prediction systems (Zappa et al. 2008) . The latter systems constitute advancement in the conceptual treatment of hydrological forecasts, and the D-PHASE operations period was an excellent opportunity to demonstrate whether they also constitute advancement in the quality of hydrological forecasts.
All nowcasting products on the VP are summarized in Table 3 . Some of the products are offered on the entire "D-PHASE domain" (Fig. 2) . Additionally, some operational institutions in the Alpine region (MeteoSwiss, Météo-France, and the regional meteorological service of Emilia-Romagna, Italy) offered their radar and nowcasting tools specifically designed for certain regions and applications.
An important group of project participants are the end users; that is, those people who use information on the VP for their decisions or for further elaboration of data. Different from MAP when "target areas" had been specified beforehand according to scientific criteria (Bougeault et al. 2001) , the presence of an interested end user and his/her liaison with a hydrological modeler defined a "participating catchment" for D-PHASE. In this spirit hydrological forecasts were produced for a total of 43 catchments. End users as the "customers" of the D-PHASE information were granted free access to all products on the VP for the "price of feedback." One of the goals of the project was to systematically evaluate the user feedback as a subjective measure of performance, contrast this to the objective measures (model skill scores, among others), and make the results available to the community. Preliminary results are presented later. D-PHASE profited from a successful collaboration with the WWRP RDP Convective and Orographicallyinduced Precipitation Study (COPS; Wulfmeyer et al. 2008, unpublished manuscript) . Having similar objectives, it was decided to pool resources and coordinate efforts for mutual benefit. Therefore, the D-PHASE operations period (DOP) was defined to last from June to November 2007, including the COPS field • eye catching warning maps in "traffic-light colors": as an example a screenshot of level 1 is given in Fig. 3 for the extraordinary event on 8/9 August 2007; • more detailed information on duration, peak amounts, and more, featuring a comparison of all models; • harmonized model products such as plots, cross sections or meteograms based on the TIGGE+ dataset; • nowcasting products such as radar loops, extrapolated trajectories, and composites; and • validation products [Vienna Enhanced Resolution Analysis (VERA) analyses in particular, discussed later] and difference plots between a specific model and these analyses.
The probably most attractive single aspect of the VP was that all of the warnings were based on the same thresholds and procedures. All of the models agreed on a joint output format and used the same program to determine threshold exceedance (the routine was different for each category of models-deterministic or ensemble, atmospheric or hydrological forecasts). Thus, if a particular region or catchment was red (severest threshold) as forecasted by one particular model and only orange (second highest threshold) by another model, there was a difference in the model results and not in the analysis (how to define the area borders and the threshold, how to sum up, and so on). The philosophy of D-PHASE with respect to warnings was directed toward the highest probability of detection (POD): if only one model exceeded a threshold for a particular catchment, this catchment assumed the corresponding color on the summary plot.
Bearing in mind that D-PHASE was an experimental system (experimental to demonstrate operational fitness), the warning levels (thresholds; WLs) were set rather low:
• WL3 (red): return period of 10 yr, • WL2 (orange): return period of 180 days, and • WL1 (yellow): return period of 60 days.
No alert (green) was given when none of the models (neither precipitation nor runoff) exceeded any of the WLs. Warnings from both atmospheric and hydrological EPSs were issued if 33% of the ensemble members exceeded the corresponding WL. Return levels were determined for each region and catchment separately on the basis of statistics of annual maxima of daily precipitation derived from the Frei and Schär (1998) precipitation climatology and scaling assumptions with respect to duration and area.
These rather low warning levels were employed to get at least some "events" during the 6-month DOP. Another boundary condition for defining warning levels was that D-PHASE catchments belong to different countries with their different operational alert levels and systems. A joint (comparable) definition for D-PHASE would have required choosing one of the alert definitions, leaving one privileged country versus all the other countries. Definition using return periods allowed the use of a joint approach with consideration of regional variability. Note that this definition of warning levels is linked with different absolute numbers in different catchments, which is at odds with the current practice in many operational services. In fact, the definition of warning thresholds based on return levels was an issue of major concern among the atmospheric forecasters and also the "end users." This probably best illustrates the inherent difficulty of an (international) FDP: on the one hand it must necessarily be experimental (if the demonstration is positive, then the results may become operational), but it deals with a very serious issue (severe weather), in which the stakeholders need clear procedures and boundary conditions to find optimal solutions in case of an emergency. B e yond t he colored warning maps, the platform a lso featured t he corresponding detailed information. For each target region and catchment, the duration and level of warning were graphically displayed for each model in parallel (atmospheric forecasts for target regions and catchments, hydro- logical forecasts for runoff stations). Even more detail was available by clicking on the desired property. Again, the D-PHASE philosophy with respect to graphical display was to use identical graphics for all the different models, produced by the same scripts applied to all the models. Figure 4 highlights this as an example for the 28/29 August 2007 event. The same scales and colors and same spatial representation allow for concentrating on the essential differences in the precipitation fields. Apart from 2D plots, various cross sections or meteograms can be selected. EPSs can display probability of exceedance for a given (selectable) threshold or ensemble averages.
From the VP, users can directly reach the various nowcasting applications through an Internet link. Table 3 lists all of the available information.
EXAMPLES OF APPLICATIONS.
In this section a selection of applications and products, which were designed or tested during the DOP, is presented. Four selected examples are discussed here in some detail. In the online supplement (http:// dx.doi.org/10.1175/2009BAMS2776.2), three additional applications (studies) of the D-PHASE datasets and concepts are presented. The first study shows that the COSMO-LEPS 24-h precipitation forecast can be substantially improved by calibration based on reforecasts (Fundel et al. 2009 ). The second study addresses the operational assimilation of GPS data within the fifth-generation Pennsylvania State University-National Center for Atmospheric Research Mesoscale Model (MM5) four-dimensional variational data assimilation (4DVAR) system (Zus et al. 2008) . The third study explores the potential of a high-resolution poor man's ensemble (Micro-PEPS). Additional applications can be found in Arpagaus et al. (2009) and Zappa et al. (2008) for applications from D-PHASE of a more hydrological nature.
Verification of precipitation alerts using operational data. The D-PHASE dataset offers ample possibilities to objectively verify model data against observations. One of the first such efforts was performed using the Swiss radar composite for JJA (Ament Table 1 for model names. and Arpagaus 2008) . Results have already been valuable in assessing model deficiencies and have even led to the detection of a major bug in one of the participating models. Here, we concentrate on warnings-the core product of D-PHASE-issued by all models in the same format during the DOP. The present evaluation is based on some 18 target regions in Switzerland because of high-quality data, but it will be performed for various model parameters and the entire D-PHASE domain once the observational data are ready and available. Reference alerts for the evaluation are based on a combination of radar ) and rain gauge observations of daily precipitation sums interpolated onto a 1-km grid according to Frei et al. (2006) and Frei and Schär (1998) . Radar data are spatially and temporally averaged to obtain hourly time series for each target region. Then, systematic errors in radar observations are corrected by a daily, multiplicative calibration to enforce an exact match with corresponding daily sums of the gauge analysis.
Here, we focus on the short-range time scale, which is well covered by the convection-permitting models. Consequently, short accumulation periods (3, 6, and 12 h) and the most recent forecasts are considered (the first three forecast hours are discarded to account for production time). To avoid double penalty effects, both model and observations are aggregated on 6-h intervals by analyzing whether there was any alert within each interval. This temporally coarsened information still satisfies the needs of most users.
Model performance is quantified by the "relative value" (Richardson 2000) , which varies between 0 (no skill) and 1 (perfect model) and indicates what fraction of economic savings can be achieved relative to the maximum possible (costs for "no forecast" minus costs for "perfect forecast"). The relative value strongly depends on the ratio of costs C for protective actions to losses L in case of no protection. The costloss ratio C/L reflects the user's sensitivity against the two types of erroneous forecasts: missed events are critical for low C/L (e.g., alerting local rescue organization) and false alarms for high C/L (e.g., evacuating an entire town).
The validation of all deterministic models ( Fig. 5a ) with hourly resolution and covering Switzerland indicates that today's models have a positive economic value over a wide range of C/L ratios. The new high-resolution, convection-permitting models are beneficial in this respect. Further analysis will reveal whether this advantage can mainly be attributed to better representation of convection, improved orographic forcing, or faster reinitialization.
All model alerts can be combined to yield a multimodel alert system (MMAS) by assuming that the forecasted probability of an event equals the fraction of models issuing an alert. The decision alert "yes" or "no" can be optimized to the user's C/L by defining an appropriate number of models that are required "yes" to issue an alert (Fig. 5b) . Because of this optimization, a MMAS can cover a wider range of C/L ratios than a deterministic forecast; for the present case it reaches higher relative values, especially for low C/L. Similar improvement can be achieved by varying the alert threshold used by a single deterministic forecast (i.e., the best model in the present analysis); for this, predicted precipitation amounts are multiplied by a constant "factor," which is equivalent to varying the warning level. Note that the factor used to obtain As an example of this application, some results obtained for the first months of the DOP are shown. COSMO-SREPS was run daily at 0000 UTC during this period and integrated over 72 h. Observations are taken from a high-resolution dataset encompassing about 1,400 stations in northern Italy and Switzerland.
In Fig. 6 , the relative operating characteristics (ROC) area values for 24-h accumulated precipitation (6-30-h forecast range) are shown as a function of the precipitation threshold. The ROC is a measure of the likelihood that probability forecasts for an event are higher for occurrences than for nonoccurrences of the event (Casati et al. 2008) . If the ensemble system predicts all events (probability of detection going to one) at zero false alarm rate then the ROC area is one. Random guessing yields a ROC area of 0.5. The lightblue lines in Fig. 6 represent the ROC area of the full 16-member ensemble, which gives an indication of the COSMO-SREPS skill in forecasting precipitation for that period and in that particular area. In the left panel, the additional lines show the ROC area values of the four-member ensembles made up by the four members nested on one particular global model. These four members are differentiated only with respect to the physical parameterizations. They represent the skill of ensembles, which are only model perturbed but have the same initial and boundary conditions. Apart from the decrease in skill evident when passing from a 16-member to a four-member ensemble, which is expected, the interesting point is that the different 4-member ensembles have different skill, that driven by UM showing higher ROC area values, whereas that driven by GFS being least skillful.
In the right panel of Fig. 6 , the 4-member ensembles made up from identical physics perturbations are shown. These represent the skill of ensembles that are perturbed in the initial and boundary conditions only but have the same model setup. Comparing the two panels of Fig. 6 indicates that perturbation of initial conditions generally yields somewhat more skillful performance than physical perturbation. This indicates that the higher degree of diversity among members with different initial and boundary conditions yields better skill as compared to the smaller-scale variability introduced by the physics perturbations.
As for the role of the different parameterizations, the four-member ensemble in which model perturbation "p2" is applied to each member (red line in the right panel of Fig. 6 ) turns out to be more skillful than other four-member ensembles. For the present purpose of demonstration, it does not matter to which parameter p2 refers, although the performance of different parameters will be analyzed in more detail in the future. As a general conclusion, this result indicates that optimal tuning of a multimodel ensemble bears some potential for improving the skill. The DOP was an excellent opportunity to demonstrate the performance of the operational, objectoriented nowcasting system Thunderstorms Radar Tracking (TRT). TRT is a multiple-radar, multiplesensor system that uses heuristic-and centroid-based methods for the automatic detection, tracking, characterization, and extrapolation of intense convective cells. It fully exploits volumetric reflectivity data of multiple-radar composites to describe the 3D storm structure and properties (Hering et al. 2006) and is tuned to identify individual cells rather than storm systems. Hence, the evolution of cell-based attributes, like vertically integrated liquid (VIL) 15/45-dBZ echo tops, the altitude of maximum storm reflectivity, and cloud-to-ground lightning flashes, are available to forecasters in real time as well as the respective gridded fields.
Operational nowcasting of thunderstorms in the Alps
TRT is based on a dynamic threshold scheme applied to the reflectivity data of multiple-radar composites with a time resolution of 5 min and a spatial resolution of 2 km (Hering et al. 2004) . It is able to identify each storm object at individual thresholds, depending on the stage of the storm's life cycle. With the current thresholds, thunderstorm cells as small as 16 km 2 (four pixels) can be identified. A detected storm cell is tracked in successive images using the method of the geographical overlapping of cells. Complex cases with several cells, splits, and mergers are also taken into account.
The latest improvement in TRT is the cell severity ranking (CSR), developed for D-PHASE and tested during the DOP. Its goal is to find and highlight the most dangerous and strongest cells by combining the most significant cell severity attributes into one single parameter. For this purpose cells are classified into four distinct categories of severity and represented by a color-coded ellipse (Fig. 7) . The severity categories are computed by integrating the three cell-based attributes VIL, the mean of 45-dBZ echo-top altitude, and the maximum cell reflectivity, with a different weighting (Hering et al. 2008) .
TRT also includes a 1-h position forecast. The thunderstorm's estimated future position is computed using the individual cell's weighted displacement velocity. The expected position is displayed with an ellipse filled with parallel lines (Fig. 7) , and it takes into account the spread (standard deviation) of the velocity vectors from the last three 5-min time steps. The size of the ellipse is proportional to the uncertainty of the position forecast (i.e., the larger the ellipse, the greater the uncertainty).
CSR was successfully used by forecasters during the DOP, and it allowed forecasters to focus on the most severe cells maintaining situational awareness and to speed up the decision process of thunderstorm warnings. Likewise, CSR has been a very popular and easy-to-use nowcasting product for the end users. A systematic evaluation of the extrapolation routine will be performed using the D-PHASE data.
VERA. VERA is a high-resolution, real-time analysis tool for applications over complex topography. Its purpose is to provide the best possible automated atmospheric analysis to assess the model forecasts for the ongoing situation and thus to decide the most trustworthy model. VERA uses physical a priori knowledge (so-called fingerprints) of typical meteorological patterns occurring over complex terrain. For example, the patterns of mesoscale cold highs or heat lows over complex terrain in undisturbed weather situations are strongly connected to topography. The fingerprint approach uses this information to refine the analysis. Details of the technical implementation for VERA can be found in Steinacker et al. (2000 Steinacker et al. ( , 2006 or Bica et al. (2007) .
A comprehensive data quality control (QC) scheme is used upstream of the analysis to exclude erroneous data. This module detects and filters unrealistic single measurements, gross errors, and systematic errors, thus eliminating in the spinup of the analysis erroneous patterns due to data errors (Häberli et al. 2004) . If the domain under consideration is large enough, then VERA estimation of mean area precipitation yields satisfying results (Dorninger et al. 2008) .
VERA was set up for the D-PHASE domain (Fig. 2) and for the parameters mean sea level pressure, (equivalent) potential temperature, 10-m wind, precipitation, and moisture flux divergence. Data from the World Meteorological Organization's (WMO's) Global Telecommunications Systems (GTS) were used to produce model-independent analyses on an hourly basis in real time during the DOP. Twenty-two minutes after observations, the graphics were available on the VP. The location and strength of the meteorological phenomenon under consideration were compared to model forecasts on the VERA grid in real time for selected models. VERA-to-model differences guided the forecaster concerning optimal model choice (different models or initialization times). Figure 8 shows an example of a frontal movement from 18-and 6-h forecasts, respectively, issued by COSMO-2. Both are compared to the same VERA analysis. The forecasted frontal system (in terms of the location of the gradient of the equivalent potential temperature) lacks behind the analysis for the older forecast. In the more recent forecast, the positions of forecasted and analyzed front locations fit quite well. Therefore, the forecaster would rely on the newer forecast in this case.
Online VERA was intended as additional information to the users. Still, a reanalysis of the DOP is planned using additional data from various sources in the D-PHASE domain and high-density datasets in the COPS domain, not available in real time. This reanalysis will again be compared to all the model runs and will result in a comprehensive model intercomparison with an independent reference. Clearly, these analyses will also be valuable for process studies.
USER FEEDBACK. Social scientific approach.
A central part of evaluation activities for D-PHASE was a social scientific evaluation focusing on the users of the VP. Because one of the goals of D-PHASE was to investigate and improve situation analysis and decision-making processes by users, it was necessary to survey users in addition to objectively evaluating model quality. The approach was to measuring changes instead of simply assessing post hoc judgments about the usefulness or success, as is usually done. Another aim of the DOP was to create improved understanding among users of prognostic information and new approaches such as ensemble modeling. Thus, the goals of the social scientific evaluation were to establish whether the approaches were understood by users, how the quality of the situation analysis improved, and how the mutual perception of two user groups-end users (civil protection, among others) and atmospheric forecasters-had changed during the DOP.
A combination of methods was chosen:
• a quantitative quasi-experimental approach to assess changes during the DOP. [For this, 26 users completed two questionnaires, one in the beginning and one after the DOP.], • a 1-day workshop with 16 users to discuss the outcomes of the DOP and possible measures for improving the VP [Information on the main problems encountered and on usage of D-PHASE information was collected.], and • interviews with selected users to investigate how D-PHASE tools were incorporated into daily practice.
The main instrument of the evaluation, the semistandardized questionnaire, contained questions about
• the VP per se; that is, its performance, accessibility, and general value for the users; • content on the VP; that is, clarity of information, comprehensibility, complexity, and adequacy of information and perceived quality of model forecasts; • effect of the platform on the users; that is, rise in comprehension of models, duties, and problems of other user groups; rise in self-perceived competence (certainty with own decisions); and general judgments on the usefulness of information with regard to situation analysis and decision support.
Preliminary results indicate that D-PHASE was regularly used and that the information was incorporated into decision procedures. D-PHASE was mainly used before events, for example, in cases of first evidence for possible events. It was used less often during events for estimating the severity or the event's evolution. End users rated the D-PHASE platform as valuable, trustworthy, and easy to navigate. Room for improvement was noted concerning the technical performance of the platform (speed and availability of services).
Among the elements on the platform, regional and local maps were most often used. No particular information was missed on the VP. On the contrary, the amount of information was considered "rather too large." Most users indicated that they had been able to interpret the information but not all models were (subjectively) rated equally trustworthy. Users found the information beneficial to support situation analysis and decision making but could not decide if decisions had actually improved in specific cases. The availability of ensemble models and probabilistic information, which was largely unknown to most of end users prior to the DOP, was perceived as added value.
Feedback from atmospheric forecasters. A subjective verification was performed daily during the DOP by the on-duty forecasters of MeteoSwiss. This evaluation was targeted to assess the true benefits of the warning process for the forecaster and thus directly responds to the requirements of a FDP.
Several questions were addressed with an online multiple choice questionnaire. Questions ranged from "countable facts" (concerning models employed, flow situation, and so on) to subjective judgments (e.g., determining which VP component helped the most in the situation analysis?). Some preliminary results that can be deduced from a quick survey of the returned forms, are expressed in the following forecaster statements:
• Limited-area ensemble prediction systems have a significant positive effect (as compared to having only deterministic models available) for the estimation of the precipitation amount and for building confidence into the forecast.
• For precipitation events in the Alps, highresolution models provide added value in about half of the cases. (In most other cases they have no added value, and sometimes these models even provide a poorer guidance than the coarser models.) The benefit of the higher resolution is more pronounced for ensemble systems than for deterministic models. Convection-resolving deterministic models sometimes failed to produce any precipitation at all, particularly in convective situations. [Note that this statement to some extent contrasts to the objective verification results (e.g., Fig. 5 ). Clearly, the reasons for the differences in subjective and objective judgment from different user groups will be the subject of deeper analysis of the results from this project.] • Concerning alerts and their presentation on the VP, the large variety of models was appreciated by many forecasters. As for traditional model products (plots, meteograms, among others), however, there is little advantage in having (too) many models of the same type at disposition to increase forecast confidence. The number of available models during D-PHASE was too large to cope with and forecasters had to restrict their attention to well-known models. This holds true for normal as well as for high-impact weather situations.
• A suitable visualization system is essential for the forecasters to effectively use the vast amount of data and to extract the essential facts without losing relevant information. The VP, designed with the contribution of the forecasters, was a success for the duty. The automatic alerts allowed for a rapid overview of the relevant information and easy access to the data required in the warning process. However, the added value of the VP depends on the spread (both temporal and spatial) among the visualized models.
• There was no special preference among the newly available systems (i.e., models or tools introduced at the occasion of D-PHASE) in best supporting the forecasters in their decision-making process.
• Atmospheric forecasters appreciated the availability of hydrological information to better address end user needs and improve their own understanding of the hydrological processes.
• Last, but not least: the acceptance of the new generation of NWP model systems as well as the whole D-PHASE forecasting system and VP differed strongly among the individual forecasters.
SUMMARY AND CONCLUSIONS.
The WWRP Forecast Demonstration Project D-PHASE successfully demonstrated recent advances in forecasting heavy precipitation events and related floods in the Alpine region. Many of these advances have been initiated during the Mesoscale Alpine Programme (MAP). In this contribution we have presented the overall background of the project, its elements, and a number of applications that were triggered by D-PHASE. At a bare minimum, D-PHASE has produced an unprecedented dataset that brings together results from more than 30 atmospheric modeling systems with a common domain, a common output format, joint warning procedures, and plots using the same coding (that can be compared without adaptation). At the same time, hydrological runoff simulations were performed in more than 40 catchments all over the Alps, and nowcasting information was provided to the numerous end users. The collaboration with the WWRP RDP COPS furthermore brought a unique opportunity to have high-quality observational data in a subdomain and subperiod of the DOP.
The available dataset will allow for
• systematically demonstrating the additional value of convection-permitting high-resolution atmospheric modeling (encouraging preliminary results, such as in and convective initiation using the present model results in connection with the observational results of COPS; • identif y benchmark models of all types by comparing them with a range of other models of the same category, or even other model types; • systematically evaluating nowcasting tools such as the position forecast of convective systems in the TRT (see "Operational nowcasting of thunderstorms in the Alps using TRT" section) using the available data and possibly extending their functionality by introducing model products; and • judging the end user feedback on its own grounds (and accept the consequences) and comparing it to the "objective" verification results, thus learning even more concerning the improvement of the overall forecasting/warning system.
Just as MAP proved the feasibility of atmospheric/ hydrological coupling (e.g., Ranzi et al. 2007 ), D-PHASE successfully demonstrated its operational use and extension to ensemble techniques. Judging from the forecaster's preliminary conclusion (see the "User feedback" section), this is not only an advance in technical terms but it also helps the respective communities to take into account the other's sphere (hydrosphere versus atmosphere) to improve the decisions and forecasts in one's own models. When "expanding" into other areas such as air quality or health factor forecasting, the atmospheric community should keep such an experience well in mind.
The single most important factor of success for D-PHASE was probably the interoperability of all of the models. Common formats, common warning levels, and common routines to actually determine the warnings from the model outputs rendered the results comparable and therefore highly valuable.
The present FDP has provided a precious dataset that has to be further exploited. In conjunction with the reference observational dataset due to COPS in parts of the domain and during parts of the DOP, these data are now available as a test bed for atmospheric convection, in combination with orographic precipitation and coupled to hydrological modeling. At the time of writing, such plans are being considered within working groups of WWRP and the Hydrologic Ensemble Prediction Experiment (HEPEX). 
